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We, Siemens Aktiengesellschaft, a 
German Company, of Berlin and Munich, 
Germany, do hereby declare the invention, for 
which we pray that a licence may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in 
and by the following statement: — 

The invention relates to luminescent diodes, 
for example of an A m B v -material such as 
gallium arsenide. 

The invention consists in a luminescent 
diode in which a carrier crystal body form- 
ing said diode has a first part of the surface 
of one zone of said diode shaped to form a 
concave reflector for radiation produced with- 
in the crystal at the diode junction, and the 
remaining part of the carrier crystal surface 
of said one zone forms a radiation exit sur- 
face, said first part of said carrier crystal 
surface being provided with a metal layer 
having good reflectivity, heat-conductivity and 
electrical conductivity, and said remaining 
part of said surface being provided with a 
reflection-reducing coating. 

Thus, the invention avoids the need for an 
external concave mirror, remote from the semi- 
conductor body of the diode, by utilising a 
part of the surface of the carrier crystal as a 
reflector, and the remaining part of the sur- 
face of the one zone as an exit surface pro- 
vided with a reflection-reducing layer in 
known manner, to give the maximum possible 
emission of light focussed by reflection at 
the reflector surface acting as concave mirror. 
With such an arrangement, it is possible to 
ensure that almost the entire light output of 
the pn-junction inside the carrier crystal is 
radiated in a preferred direction (reflector 
axis). Due to its high efficiency, a luminescent 
diode constructed in this way is particularly 
suitable for use as a transmitter element in an 
optical electronic arrangement of the type in 

[Price 5s. 0d.] 



which an electrical signal is converted into 
light and transmitted in the form of optical 
radiation. A 45 

The invention will now be described with 
reference to the seven exemplary embodi- 
ments illustrated schematically in Figures 1 
to 7 of the accompanying drawings. In each 
Figure, a carrier crystal 1, for example of 50 
A m B v -material, preferably of gallium 
arsenide, forms one zone of the luminescent 
diode. Normally, such a diode is so con- 
structed that the radiation produced by 
luminescence at the pn-junction passes out 55 
through the n-type zone of the diode, and 
therefore this carrier crystal advantageously 
consists of n-type gallium arsenide. 

A zone 2, of the opposite conductivity type, 
forms a pn-junction region 3 within the 60 
crystal 1. A part 4 of the carrier crystal 
surface is shaped to act as a reflector to focus 
light through another part 5, of the crystal's 
outer surface, -which thus serves as an exit 
surface. The reflecting surface 4 is pro- 65 
vided with a layer 6, to increase the reflection, 
and this is a metallic coating, for instance of 
silver, copper, aluminium, or an alloy which 
is suitable to assist in conducting away the 
heat formed in the diode during operation, 70 
and also to act as a contact electrode to the 
diode zone formed by the carrier crystal 1. 
The reflecting surface 4 may be polished 
before the layer 6 is provided. 

The radiation exit surface 5 is preferably 75 
substantially transverse to the reflector axis, 
in order that a focussed beaming of light can 
be projected in the direction of the reflector 
axis A, the desired direction of the optical 
signal transmission. 80 

Due to the high refractive index of the 
gallium arsenide boundary surface with the 
air, total internal reflection occurs at an 
angle of incidence of approximately 17°, and 
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therefore the radiation exit surface 5 is pro- 
dded with a reflection-reducing layer 7, in 
accordance with known techniques. 

Surfaces having the form of a part .of 
5 one of the following geometric shapes have 
5 god beaming reflecting P™P erue ?i; * P^I 
boloid, an ellipsoid, and a sphere. The beam- 
tag u? the ca£ of a paraboloid reflector sur- 
face is optimal when the pn-junction , lies 
10 in the vicinity of the parabolic focal point F 
10 witSn tne carrier crystal, as show, ' » JjgSd 
1 2 and 3, whilst in the case of an ellipsoid 
Sector surface it is optimal with the junc- 
tion in the vicinity of an ell ptical focal point 
15 F„ as shown in Figures 4 and 5. In the 
cale of a spherical reflector surface, the pn- 
hmction must he between the centre M of the 
sS and the reflector surface, as shown m 
Kes 6 and 7. The radiation exit surface 
20 fSjbe a plane or curved surface nana* 
to the reflector axis, and in the case oi a 
curved surface this is curved in such a way 
Se emerging radiation is at leas, : parmlty 
focussed in the direction of the reflector axis 
25 A Where the reflector surface 4 is con- 
ftmcTedln the form of an ellipsoid with, the 
hSt-Producing pn-junction in the vicinity 
of 41 one folal point F„ it is particularly 
advantageous to form the radiation exit sur- 
30 face 5 Is a spherical surface which is con- 
30 Seal to the second focal point F„ as shown 
Fieure 5, so that almost the entire 
EmEnt radiation is gathered at the 

35 ^SuSnfmust be arranged inside 
the ramer crystal 1, which forms one diode 
zone ^.d manufacture of the fn-)unction 
^ W effected by drilling a hole into the 
carrier crystal 1 along the Rector a* s A, 

M\ ^rher from the direction of the reflector sur- 
face 4 or from the direction of the radiauon 
«k surface 5 The hole should have a cross- 
^ionTubVaktially smaller than the radia- 
tion e^it surface 5,and is drilled to the depfli 

.* r-enuired to permit the formation of a dtf- 

45 feSy doped zone, and thus the W-on, 
f rt£ neeessarv point. The axial dnllmg can 
fc^Sec^d by^means of electron beams, ion 
SamsfTr laser beams, or by means of etch- 

«. utTwith a gas- or liquid-,et. The d^f™? 

50 dooeTzone 2, and thus the pn-junction 3, can 
SEf produced at the desired position by 
Sns offlying, diffusing, or bombardment 
with focussed ion beams. 

2 'The embodiment illustrated m Figure 1 
JfXm surface 4 in the form of part 
Sfa 8 pSoidBP, having a focal pomt 
65 F, and a flat radiation exit surface 5. Axial 



drilling from the direction of ^ the Ration 
exit surface 5 was effected to permit the 

sinlfar tTSSThown in Figure 1, but has a 70 
curved radiation exit surface 5. 

In Figure 3, the reflector surface 4 is part 
ofV/ongated J^^^J^ 

a sphere of radius r, where r is less than 
I to that the centre M 5 of _the ^ sphere ^ 

fonSed at F^y S drilling from the direc- 80 

ti0 Filt e ?S°5 show two embodiments 
K^in^ a reflector surface 4 in the form 

F and F, In both cases, axial drillmg from 85 

£e b elongated, i.e. highly eccentric, the exit 
<Sfa« 5 is a concave surface forming part 
of a sphere K whose centre M 5 lies at F« 
it. the radiation exit surface is confocal to 

^e nd 6 f °show P s 01 an- embodiment having a 
reflect surface 4 formed as part of the 
efface of a sphere K, centre M, and a flat 

^^d ES^SfSr^ffS 100 

SSiTS K at a point : PJg*- 
M and the reflector surface 4, in this case 
§ location of the zone 2 at the centre of 

n^Ve^ment shown m Figure* *e 105 

c&^rthe 4 ^ e^stfe^s 
concTve '^e Pn-junction 3 is formed at a 
point P bemeen M and reflector surface 4, 
Serial drilling from the exit surface 5. 110 



r^LSscS^fn which a carrier 
crvsMl body forming said diode has a first 

^ i^r having good reflecuvity, heat- 
said remaining part of said sp rIac ^ J^^ & 

A wE said one zone of said crystal ,s 

rf 3«7MK^-tci™n 1 or Claim 
2, m which faid first part of said surface 
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has the form of a part of the surface of para- 
boloid symmetrical about an axis on which 
the diode junction is situated substantially 
at the focal point. 

5 4. A diode as claimed in Claim 1 or Claim 
2, in which said first part of said surface 
has the form of a part of the surface of an 
ellipsoid symmetrical about an axis on which 
the diode junction is situated substantially 

10 at one focal point. 

5. A diode as claimed in Claim 1 or Claim 
2, in which said first part of said surface 
has the form of a part of a spherical surface 
symmetrical about an axis on which the diode 

15 junction is formed at a point between the 
centre of the sphere and the spherical re- 
flector surface. 

6. A diode as claimed in any preceding 
Claim, in which said remaining part of said 

20 carrier crystal surface of said one zone lies 
in a plane perpendicular to said axis. 

7. A diode as claimed in any one of Claims 
1 to 5, in which said remaining part of said 
carrier crystal surface of said one zone is 

25 curved symmetrically about said axis in such 
a way that the emerging radiation is at least 
partially focussed in the direction of said axis. 

8. A diode as claimed in Claim 7 when 
dependant upon Claim 4, in which said re- 

30 maining part of said carrier crystal surface 
of said one zone is a spherical surface which 
is confocal to the second focal point of saici 
ellipsoid, and is located between , said two 
focal points. 

35 9. A diode as claimed in any preceding 
Claim, in which the diode junction is formed 
within said carrier crystal by the formation 
of the second zone of said diode at the re- 
quired position in an axial hole having a 

40 cross-section small in relation to the radiation 
■exit surface. 

10. A diode as claimed in any preceding 
Claim, in which said layer on said first part 
of said carrier crystal surface is connected to 

45 one terminal electrode, and the second zone 
of said diode is connected to a second ter- 
minal electrode by a wire which is insulated 
electrically from the carrier crystal. 

11. A diode as claimed in Claim 10, in 
50 which the connection between said wire and 

said second zone is effected by alloying. 



12.' A diode as claimed in Claim 10, in 
which the connection .between* said wire and 
said second zone is effected by a spring 
loaded pressure contact.. 55 

IS.- A luminescent diode substantially as 
described with reference to any one of 
Figures 1 to 7 of the accompanying 
drawings. 

14. A method of manufacturing a 60 
luminescent diode in accordance with any 
preceding Claim, including the step of drill- 
ing an axial hole in said carrier body to a 
predetermined depth. 

15. A method as claimed in Claim 14, in 65 
which said hole is drilled by an electron 
beam. 

16. A method as claimed in Claim 14, in 
t which said hole is drilled by an ion beam. 

17. A method as claimed in Claim 14, in 70 
which said hole is drilled by a laser beam. 

18. A method as claimed in Claim 14, in 
I which said hole is drilled by etching with a 

gas jet. 

19. A method as claimed in Claim 14, in 75 
which said hole is drilled by etching with 

a liquid jet. 

20. A method as claimed in any one of 
Claims 14 to 19, in which the second zone 

of said diode is subsequently formed in said 80 
hole by an alloying process. 

21. A method as claimed in any one of 
Claims 14 to 19, in which the second zone 
of said diode is subsequently formed in said 
hole by a diffusion process. 85 

22. A method as claimed in any one of 
Claims 14 to 19, in which the second zone 
of said diode is subsequently formed in said 
hole by the bombardment of the exposed 
surface by a focussed ion beam. 90 



For the Applicants, 
G. F. RED FERN & CO., 
St. Martin's House, 
177, Preston Road, 
Brighton, 
and 

Chansitor House, 
38, Chancery Lane, 
London, W.C.2. 
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